An experiment was carried out on 30 Black-and-White Lowland bulls fattened from 165 to 485 kg BW, divided into three groups fed diets without evening primrose oil cake (control group C) or with a contribution of 10 (group PI) or 30% (group P2) of evening primrose cake. Bull performance, nutrient digestibility, nitrogen balance, ammonia and volatile fatty acids in the rumen fluid, physicochemical properties of meat and subcutaneous and kidney fat composition were estimated. Average daily body gain was 1333 g in group PI; 1235 g in P2; and 1216 g in C. The content of oleic (C 18 .,) and linoleic (C, 8 . 2n6 ) acid in subcutaneous and kidney fat was higher in bulls fed diets with evening primrose oil cake than in controls.
INTRODUCTION
The nutritive value and composition of evening primrose {Oenothera para doxa) oil cake for ruminants indicates that it can be used as a supplementary feed for balancing protein and energy since it contains a relatively high level of methio nine and a low level of lysine (Stasiniewicz et al., 1998) . Moreover, the fat in evening primrose contains a high proportion of poly-unsaturated fatty acids, par-ticularly of y-lmolenic (C 183n6 ) and linoleic (C lg . 2n6 ) acids (Hudson, 1984; Lammer-Zarawska, 1992; Stasiniewicz et al., 1998) which can be absorbed from the digestive tract and deposited in animal products, favourably influencing their quality (Wright et al., 1974; Huhtanen and Poutiainen, 1985; Murphy et al., 1990; Strzetelski et al., 1992a Strzetelski et al., , 1993 .
The aim of the present study was to assess the effect of supplementing diets with evening primrose oil cake on fattening bull performance, meat quality and fatty acid proportions in the deposited fat.
MATERIAL AND METHODS

Experimental design
The experiment was carried out on 30.5 (±1) month old Black-and-White Lowland bulls of 165 (±25) initial to 485 (± 10) kg final body weight with an average 58% (33 to 87) HF blood share. The animals were divided into 3 groups of 10 according to an analogue method taking into account initial body weight and HF blood share. The animals were kept in individual stalls equipped with an automatic drinking bowl and a slatted floor lined with a rubber mattress. The bulls were fed different complete feed diets: group C, control, was fed a basal diet; group PI, a basal diet supplemented with 10% evening primrose oil cake, and group P2, with a 30% supplement of evening primrose oil cake (Table 1) . At the end of the experiment 6 bulls from each group were slaughtered and the physico-chemical properties of meat and fat composition were determined.
Complete feed mixtures were pelleted 8 mm) and fed ad libitum. From the beginning of the experiment, all of the animals additionally received 0.5 kg/day of wheat chaff for 1.5 months of fattening, thereafter 1.0 kg/day of barley straw. The amount of feed given and refusals were controlled daily. An additional 9 Black-and-White Lowland bulls (3 in each group) of average body weight 365 (±15) kg were used for nutrient digestibility and nitrogen balance determination. The animals were fed as in the fattening experiment. After a 30 day adaptation period, urine and faeces were collected for 5 days and afterwards rumen fluid samples were withdrawn with vacuum tubing at 0, 2, 4 and 7 h after feeding.
Chemical analysis and statistics
The nutrient content in feeds, faeces and urine and chemical composition of meat were determined using AO AC (1990) methods, ammonia-N in the rumen fluid according to the Conway microdiffusion method, pH was measured potentiometrically. Total and individual volatile fatty acids in the rumen liquor and fatty acids in subcutaneous and kidney fat were determined by GLC (Philips PU 4500). The pH of meat was determined using a Cnick Partamess 651-2 pH-meter in water homogenates of M. longissimus dor si samples taken beyond the 11,12 and 13 rib 45 min after slaughtering, and in 3 lateral cuts of M. longissimus dorsi samples 24 h after slaughtering. Meat water holding capacity was determined according to Grau and Hamm (1952) , natural drip loss according to Krzywicki and Wichlacz (1974) , thermal drip loss, as by Walczak (1959) , content of colouring substances, colour lightness and colour stability according to Kortz et al. (1968) .
Complete feed mixture composition and energetic and protein value were estimated using ESfWAR ver. 1.0 (1993) and INRAtion ver. 1.2.6 (1993) software according to the INRA (IZ, 1993) system. The values of protein degradability coefficients in the rumen (deg) and intestinal digestibility of feed protein undegraded in the rumen (PDIA) were obtained as in our previous experiment on the same batch of evening primrose oil cake (Stasiniewicz et al., 1998) .
The results were subjected to statistical analysis using one way analysis of variance and multiple interval test according Statgraphics Plus 6.0 software (1992).
RESULTS
Rumen degradability of feed protein (deg) and intestinal digestibility of rumen undegraded feed protein (PDIA) coefficients were the same as in our previous work (Stasiniewicz et al., 1998) , 0.39 and 0.65, respectively.
The ether extract content in the diets increased as the proportion of evening primrose oil cake rose ( Table 2) . The crude protein, PDI and feed units for meat production (UFV) levels were slightly higher, and crude fibre was lower in diet P2 than in the remaining diets. Table 2 Daily intake of concentrate mixtures, dry matter and crude protein was similar in all groups (Table 3 ). The intake of energy and PDI was highest in group P2 and lowest in animals of the control group C. Daily body gain and feed efficiency were higher in animals fed the complete feed, PI, than in the remaining groups (Table 4) .
Coefficients of apparent digestibility of dry matter, organic matter, crude protein and crude fibre decreased, nitrogen-free extractives did not differ between the groups but ether extract digestibility coefficients, nitrogen retention and utilization increased with increasing evening primrose oil cake content in diets (Table 5 ). The molar proportions of C 2 and C 2 :C 3 in the rumen liquor were lower, but the proportion of C 3 and C 3 :C 4 increased when the amount of evening primrose oil cake in the diet increased (Table 5 ). The pH values were higher (Figure 1 ) and the level of ammonia-N in the rumen liquor were lower (Figure 2 ) in the groups fed diets with evening primrose oil cake. The proportions ofy-linolenic (C 183n6 ) acid (GLA) in subcutaneous and kidney fat were similar in all groups, but of oleic acid C 18 ., and linoleic C 182n6 acid were significantly higher in animals fed diets with evening primrose oil cake (Table 6 ). The type of diets did not affect the composition of meat or its physico-chemical properties (Table 7) .
DISCUSSION
The highest daily body gains and significantly better nutrient efficiency in the group of bulls fed the complete feed containing 10% evening primrose oil cake suggest that the cake may favourably influence animal performance. However, the worse performance results in group P2 which was fed the complete feed with 30% of oil cake suggest that an excessively high proportion of cake in the diet should not be recommended for fattening bulls. The probable reason for worse performance in group P2 could be the lower nutrient digestibility of this diet resulting from the depressing effect of tannins. Evening primrose oil cake contains a relatively high level of tannins that form complexes with protein. These complexes are indigestible in the rumen and small intestine (Hanczakowski and Szymczyk, 1993) .
The lower level of ammonia-N in the rumen of bulls fed diet P2 could result from the lower degradability of protein of this diet. Taking into consideration lower volatile fatty acid concentration in the rumen in this group and, in turn, the reduced supply of energy needed for microbial protein synthesis, it should not be presumed that microbial protein synthesis in this group was higher than in the remaining groups, causing the ammonia level in the rumen to decrease.
The lack of significant differences between the groups in N-free extractive digestibility could be explained by their similar dietary starch contents, which are not affected by tannins. The decrease in crude fibre digestibility of diets containing cake, particularly of diet P2, could be caused by an increased level of fat introduced with the cake into these diets (Kowalczyk et al., 1977) . It could be also presumed that poly-unsaturated fatty acids of evening primrose oil were biohydrogenated in the rumen and the trans-acids that were so formed inhibiting fermentation and cellulolytic activity in the rumen (Banks et al., 1990 ). Inhibition of cellulolytic activity could in turn have consequences in lowering total volatile fatty acids and acetic acid as well as its proportion to propionic acid in the rumen fluid. Similar changes and consequences were found in other experiments (Sutton et al., 1983; Jenkins and Jenny, 1989; Strzetelski et al, 1992b) .
Daily body weight gain in animals of group P2 receiving more cake with their diet was not worse than in the control group, despite the negative effect of a higher proportion of evening primrose oil cake on digestive processes and fermentation in the rumen. One could suppose that y-linolenic (C 8 ) acid, a component of evening primrose oil and an important factor regulating tissue metabolic rate, reduced the negative effect of antinutritive factors of evening primrose on nutrient efficiency (Horrobin, 1990) . It is difficult to explain the higher nitrogen retention than in the remaining groups which did not reflect of higher body gain.
An increase of oleic and linoleic acid proportions in subcutaneous and kidney fat could reflect higher intake of evening primrose oil. Dinius et al. (1974) found an increased proportion of these acids in subcutaneous and kidney fat in bulls when the safflower oil intake was higher. Other authors reported an increased content of C |g acids in milk fat after feeding cows diets with oil seeds (Stasiniewicz, 1982; Murphy et al., 1990; Strzetelski et al, 1993) .
Higher proportions of oleic (C 18 .,) and linoleic acids (C lg . 2 ) in the fat of bulls fed diets with 30% evening primrose oil cake could suggest transformation of acids with three double bonds by biohydrogenation or be a result of their higher intake, however, the relatively low proportion of stearic acid (C 18 . 0 ) does not indicate that this acid was the end product of biohydrogenation of unsaturated acids, nevertheless, it is worth mentioning that Banks (1987) reported partial dehydrogenation of stearic acid in the wall of the small intestine and its lower deposition in fat. The lack of differences between the groups in chemical composition, physicochemical properties of meat and low proportion of oc-linolenic (C 183n3 ) and y-linolenic (C |83n6 ) acids did not point to improvements of meat quality, however there was a significant increase in the proportion of oleic (C lgl ) and linoleic (C ) acids in fat deposited in the body owing to feeding bulls a diet containing evening primrose oil cake.
It can be concluded that supplementing the complete feed mixture for fattening bulls with 10% evening primrose oil cake favourably influenced animal performance suggesting a stimulating effect of y-linolenic (C 18 . 3n6 ) acid, a component of evening primrose oil, on nutrient efficiency. However, the effect of greater amounts (30%) of evening primrose oil cake in the diet did not improve animal performance compared with animals fed the control diet without oil cake, may be because of the decreased nutrient digestibility of such a diet. Feeding diets with evening primrose oil cake increased the proportion of oleic and linoleic acids in fat deposited in the body but the deposited fat was not enriched in y-linolenic (C 18 . 3 6 ) acid compared with animals fed the control diet.
